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The Lightning 


Jump Concept 



Several studies in the past 
have correlated increases 
in total flash rates within 
a storm to severe weather 
occurrence , e.g. # 

° Goodman et al. 1988 
° Williams et al. 1989 
° Williams et al. 1999 
n Schultz et al. (2009) 

D Gatlin and Goodman (2010) 

The correlation is 
between the following 

° Updraft strength and 
modulation of 
electrification 

° Updraft strength and ability 
to produce severe and 
hazardous weather. 



The Current Lightning Dump 

■ Named the 20 approach, it takes the current flash 
rate and compares the time rate of change of the 
total flash rate to the previous 12 minutes of storm 
history. 

■ Schultz et al. (2011; MWR) shows results are strong, 
but solely empirically based 

□ POD 79%, FAR 36%, CSI 55%, HSS 0.71. 

° Avg. Lead time 20.65 minutes +/- 15.05 minutes 


TABLE 2. Breakdown of thunderstorm sample by type. 
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Real Time Situation Awareness 

Utility 


The LJACan: 

° Indicate when an 
updraft is strengthening 
or weakening on shorter 
timescales than current 
radar and satellite 

° Identify when severe or 
hazardous weather 
potential has increased 

° "Tip the scales" on 
whether or not to issue a 
severe warning 


■ The LJA Cannot: 

n Predict severe weather 
potential in every severe 
storm environment. 

n Discern severe weather 
types 

■ i.e., a certain jump does 
not mean there will be a 
certain type of severe 
weather 

° Issue specific types of 
severe warnings 




Motivation 


■ Provide more direct 
verification of the 
central hypothesis that 
the lightning jump is a 
direct indicator of rapid 
updraft intensification 

° Current physical 
conceptual model for 
lightning jump based on 
physical/dynamical 
inferences 

° Fragmented information 
in several studies 

° No direct measurement 
during a lightning jump 


Ground 

Dtactargs 

Initial ♦ 
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Fig. 8. Time-height plots of the maximum fa) Z Si 
(tO Zi 5 Rf (c) DFR-HS, and (d)^-and (e) average h\ 
fiorizoniaL dashed Lines on fa) indicate the environ- 
mental 0 D C and — 15 Q C temperature Levels. The time 
of the microburst is indicated on (a). Contour teveH 
are as indicated. 


Top 2 panels: Goodman et al. 1988, GRL 
Bottom 4 Panels: Tuttle et al. 1989, JAS 



Multiple 



Doppler 

■ ARMOR-KHTX Multi- 
Doppler Domain 

■ Multi-Doppler synthesis 
procedure follows that 
outlined in Mohr et al. 
(1986), Deierling and 
Petersen (2008), 
Johnson (2009) 

° Radar volume scans 
edited using NCAR 
SOLON 
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Total Flash Rate (flashes min 1 ) 


Case 1: Dune 11, 2012 



Ordinary single cell storm 

Peak in flash rate lags peak 
in graupel volume, and 
coincides with peak in 10 
and 15 m s 1 updraft 
volume 




Case 2: May 3, 2006 



Multicellular convection 

Increases in updraft and graupel volume, and 
updraft speed observed at time of lightning 
jump at 2144 UTC 

Marginal severe hail at 2154 UTC 
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Total Flash Rate vs Time 
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Updraft and Graupel Volume vs Time 
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Case 3: 


Ring 

w‘‘i 


March 12, 2010 


100 


Above- KHTX at 1500 UTC, and 1542 UTC 


Top right - total flash rate for storm. Red bars indicate jump. 
Box indicates time of jump. 


Lower right - Time height reflectivity for cell. Box indicates 
time of jump. 


Below- Pictures of the hail and hail damage caused -3 hours 
after the storm passed courtesy NWS Huntsville 
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Updraft Volume (m3) Total Flash Rate (min 1 ) 
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Total Flash Rate vs Time 
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Total Flash Rate 
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Maximum Vertical Velocity 


Take Homes: 

1) Growth in vertical 
velocity volume, and 
graupel volume just prior 
to lightning jump. 

2) Slight DECREASE in 
maximum vertical 
velocityjust priortojump 

3) Updraft intensification 
leads to more upright 
convection. 


Time (UTC) 


Top left- total flash rate, Lower left- updraft volume, Top right - maximum updraft speed , Middle- RHI of reflectivity (shaded) and 
updraft velocity (dashed contour) before and at the time of the lightning jump. 
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Above Reflectivity and radial velocity at 1736 UTC 


TOP: total flash rate (purple), lightning jump occurrences (red) 
and severe weather reports (hail, green; wind, blue) 

BOTTOM: Time height of maximum reflectivity 
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1720UTC 


Reflectivity al 6000 m from DO at 1720 l/TC 


6 km 1 724UTC 



Left - radar 
reflectivity 
(shaded) and 
positive vertical 
velocity (dash 
contour; 10 m s 1 ) 
at 1720 UTC, 1724 
UTC, 1728 UTC 
and 1733 UTC at 
6km. 

***Note 
explosive growth 
and increase in 
magnitude of 
vertical velocity 
and reflectivity 
leading up to and 
through the time 
of the lightning 
jump (1728 UTC). 




Total Flash Rate vs Time 


Max Vertical Velocity vs Time 
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Take Homes: 

1) Explosive growth in 
vertical velocity volume 
between -io°C and 
-40°C, just prior to 
lightning jump 

2) Increase in maximum 
vertical velocity just prior 
to jump, followed by a 
decrease after jump time 

3) NWS mesocyclone 
detection immediately 
afterjump. 


Total flash rate (top left), maximum updraft speed (top right). Updraft volume (lower left), mesocyclone detection algorithm (lower 
right) from Stough et al. (2014), 26th WAF 



Flash Area (km z ) or Flash Rate (Flashes Min 1 



Mean, Median and Maxmimum Flash Areas vs Time 



Reflectivity el 6000 m from DO at 1724 UTC 



Flash Area vs Time 
April 10, 2009 

Rapid decreases in 
flash area in 
association with 
increases in updraft 
volume, speed and 
total flash rate. 

D Extent of flashes decreases 
and frequency increases near 
updraft after updraft pulse 
and lightning jump (1728 
UTC) 
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Flash Area vs Time for All Cases 
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June 11, 2012 May 3, 2006 March 12, 2010 


All three storms show a decrease in flash size as the flash rate 
increases 


However, the magnitude at which the flash areas decrease are larger 
for the storms that the most pronounced updraft growth and largest 
increases in total flash rate 
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Transition to Operations 5/20/2013, 

Moore Tornado Example (Stano et al. 2014 DOM, in press) 



0 10 20 30 40 50 SO 70 

Reflectivity (dBZ) Tim* (UTC) 


Testing lightning jump in operational 
setting at NSSL. Here is an example 
from the Moore tornado. Similar 
findings to April io, 2009 case: 

-Jump led development of mesocyclone 

- Secondary jump was coincident with vertical 
development and increase in rotation 
magnitude 

Top right -time height reflectivity, Lower left -time height azimuthal shear, Upper right - total flash rate (black), MESH (gray), lightning 
jumps, non operational system (blue), lightning jumps operational system (yellow), red bar, tornado time. 



Maximum Expected Siie of Hail (mm) 



Higher Temporal Satellite Information 



Above - 1 minute temporal IR Brightness temperature (10.7 
um) from SRSO operations of GOES-O from December 9, 
2009. Black asterisks represent lightning flash initiation 
points observed with the N. AL LMA. Black circle is the 
radar derived location of the storm. 

Take Homes: 

1 ) Cooling of cloud top by 3-4 K leading 



up to jump. 

2) Lightning jump followed by growth 
seen in radar, culminated by wind 
damage at the surface. 


Above - Time height section of reflectivity (top) total flash rate (purple 
bars; middle) and flash rate vs minimum 10.7 pm brightness temperature 
(bottom). Red asterisk indicates time of lightning jump. Blue boxes 
represent wind reports. 
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Temperature (K) 



Summary/Ongoing work 

■ Increases in 10 and 15 m s _1 updraft volume observed leading 
up to time of jump. 

■ Maximum vertical velocity increases or remains constant at 
time of jump. 

H -10 to -40°C reflectivity profile increases observed leading up 
to jump (+2.72 dB), followed by a decrease (-2.19 dB) 
immediately after jump. 

■ Evidence presented here supports theory on how flash 
area/length decreases with increasing updraft 
strength/volume. 
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Total Flash Rate (flashes min' 


Case 3: Duly 
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2000 2030 2100 2130 

Time (UTC) 



19 j 2006 


■ Severe multicellular convection 

■ Focused on the liqhtninq jump at 
2047 UTC 

Because we have multi-Doppler 
Jump was 7.25 flashes min -2 

■ Peak flash rate -65 flashes per 
minute 


■ Multiple damaging downbursts 
2050 UTC and 2108 UTC 
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Updraft and Graupel Volume (m3) Flash Rate (min 1 ) 
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Total Flash Rate vs Time 


Maximum Vertical Velocity vs Time 
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Updraft Volume vs Time 
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Take Homes: 



10ms 

15ms 

graupel 


2041 2045 20 5° 20 55 21 oo 

Time (UTC) 


1) Growth in vertical 
velocity volume, and 
slight increase in 
maximum vertical 
velocity just prior to 
lightning jump 

2) Increase in graupel 
volume occurs after 
increase in updraft 
volume and jump. Higher 
flash rates follow. 


Top left- total flash rate, Lower left - updraft volume, Top right - maximum updraft speed 
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